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20  abstract  fConIfrvua  m%  rvvataa  el^  If  r*ec«*a£rr  szd  idontlff  hr  block  nimtbmr) 

A 25  kM  teisperlog  tunnel  was  tested  to  detcnalne  Its  usefulness  in  araed 
service  functions  cnch  as  Central  Food  Prepaiatloo  Systea  (CFPS),  where  frozen 
aeats  are  to  be  teapered  to  about  25^,  so  that  they  ns^  b<;  further  processed 
or  broken  down  for  subsequent  handling*  It  was  determined  that  cases  of  frozen 
asat  as  obtained  frc»  the  supply  systes  can  be  ruccessfully  tempered,  and  It 
Is  further  believed  that  aicrowwve  teoperlng  can  be  used  adrantageouslv  by 
the  araed  sarvlces.  There  were  'zarlatlons  In  the  temperature  after  tcapering, 
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As  a rssult  of  ssroxal  studios,  ths  dsclslon  was  aadk  to  cootiouo  dsrtlop> 
■SBt  and  to  li^lsMBt  central  food  praparatlon  systsas  {CTPS)  ybsn  applicable 
In  the  Ar^f.  As  part  of  tne  continued  developeent,  an  Interls  Kaa  been 
planned  for  Port  Lee,  Tlrglnla  and  Is  currently  belnc  tapleaented.  The  L'i  *rmy 
Troop  Support  Agency  (TSA)  has  been  charted  vlth  dereloplnfi  aad  lapleaestlng 
procedures,  techniques,  aad  prorldlag  guidance  la  conaection  vlth  the  installa* 
tlon. 


Purthexvore,  US  kvmf  Ratick  Research  aad  Dorelopaant  Cce^nd  (liaRADCOM) 
has  been  tasked  vlth  glrlng  TSA  technical  support  in  the  CPPS  area.  Ac  part 
of  this  support,  farlous  pieces  of  production  equlpnent  have  been  purchased 
for  test  at  HARASCCN  to  determine  their  suitahility  for  use  in  CPPS.  One  of 
these  pieces  of  equlpnont  is  s alcrovave  tempering  tunnel,  and  Its  evaluation 
is  the  subject  of  this  report. 
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INKRODUCTION 


One  of  the  basic  operational  requlreoents  for  Central  Food  Preparation  Systems 
Is  to  use;  wherever  possible;  the  food  materials  which  are  current]!^’  available 
through  the  Armed  Services  Food  Supply  System.  This  means  that  practlmlly  all 
meat  products  will  be  boneless  'and  received  in  a frozen  condition.  Generally; 
these  products  are  pacted  In  corrugated  fibes^oard  boxes  weighing  up  to  lbs. 
with  the  most  common  weights  ranging  from  50  to  60  lbs. 

Sane  products;  such  as  frozen  ground  beef  patties  and  fish  fillets ; can  and 
should  be  cooked  in  the  unthawed  state.  Such  products  are  packed  so  that  they 
can  be  separated  into  Individual  pieces  while  still  frozen.  Other  frozen 
products  such  as  roasts  could  be  cooked  In  the  unthawed  state;  but  It  Is  diffl° 
cult;  If  not  Impossible;  to  break  out  the  frozen  product  and  arrange  It  properly 
In  roasting  pans.  Therefore;  this  type  of  product  should  be  tendered  to  a 
ten^rature  above  25^  so  that  the  pieces  can  be  separated  from  each  other. 

Still  other  products  such  as  bulk  ground  beef  and  swlss  steaks  must  be  tem° 
pered  or  thawed  so  that  they  may  be  farther  processed  before  cooking. 

It  Is  estimated  for  a typical  CFF^  operation  that  a customer  load  of 
25;000  people  will  require  the  tempering  of  l6;600  lbs  of  meat  per  day  for  me 
In  the  central  kitchen  plus  5»250  lbs.  for  use  In  satellite  dining  Imllsj 
or  a total  of  about  22;000  lbs.  to  be  tempered  for  each  day  of  the  week  on  a 
flve»day  work  week  schedule.  This  amount  of  material  will  occupy  530  cu,  ft. 
of  volume  or  165O  cu.  ft.  If  the  good  practice  standard  of  72  hours  Is  used 
for  tens>erlnge  These  figures  are  based  on  100^  utilization  of  space.  The 
actual  requirements  will  probably  be  three  times  as  great  when  allowances  are 
made  for  alsle>ways;  materials  hwdllng  equipment,  and  operatic  1 flexibility. 

The  figures  will  vary,  of  course;  for  each  situation,  but  they  are  believed 
to  be  valid  for  preliminary  desl^  purposes  (Walker,  et.  al.  and  Walker  8s 
Tuotty,  1975). 

The  freezing  point  of  meat  Is  usually  considered  to  be  approximately  289f. 
When  meat  Is  ejqtosed  to  thawing  or  tenqsering  the  Individual  pieces  will,  as 
mentioned;  become  Increasingly  easy  to  separate  as  the  temperature  rises 
above  25®F. 

Noraally,  the  term  ”ten^rlng’'  applies  If  the  ternperature  Is  raised  to 
and  controlled  within  the  25  to  28°P  range.  The  tern  thawing  or  defrosting 
applies  ^en  the  ten^raturs  Is  raised  above  the  freezing  level. 


1.  Walker,  G.C.,  H.T.  Schlup  and  J.M.  Tuemy;  1973-  Requirements  for  25,000 
servings  of  Itoas  selected  from  the  U2>day  menu.  USftnDC  Tech  Report  TR°73‘=*71  FEL. 

2.  Walker,  G.C.  and  J.M.  Tuomy,  1973<>  Storage  requirements  for  Ingredients  used 
In  preparation  of  25,000  servings  of  products  from  the  U2°day  menu. 
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A commoa  method  of  tha^itiiK  Is  to  place  the  frozoist  mat  In  a box  or 
room  and  leave  it  there  for  up  to  7S  houra»  TMb  wsttod  1b  ob^ectlomble 
because  It  is  tlme»consumlinig  and  can  generate  drip  loss  or  "weping"  and 


fr®iffl  their  shippi^  containers  <>  The  time  raiq^ulred  for  tenperiag  roast «»sise 


pieces  in  equipment  of  i^is  type  with  forced  air  circulation  at  high  velocitjr 
will  rang©  from  12  to  24  hours o 


Armed  Serrieei.  by  contrast  fflany  different  products  i®Ki@t  be  handled  ©a  a 
; i.®ce=>iKaal  lba.sls  „ 


In  consider  log  the  use  of  tulcrov&re  enersjr>  cognltence  mst  be  taken  of 
the  significant  difference  betveen  the  nlcrovave  properties  of  Ice  and  vater. 
The  frozen  aaterial  aost  be  te:^^ered  to  a point  abore  2^  to  facilitate 
bsmdllng  but  below  the  ultimte  tkawlng  level  in  ordex'  to  arold  undesirable 
localized  heating  and  energy  losses. 

There  has  been  soae  concern  at  NM^DCOM  about  the  possibility  that  non* 
unlfonalty  of  teiq>erature  with  nlcrovave  heating  will  result  in  operational 
problens.  This  posslblllt7  has  been  discussed  with  coHMrclal  users  of 
alcrosaTe  equlpnent  and  tt^  consensus  Is  that  teiperature  equlllbrlun  can  be 
achieved  by  allowing  the  product  to  stand  at  root  temperature  for  an  hour 
or  less  after  tenperlng.  Sone  teiq)erature  variation,  however,  can  be  tolerated 
for  the  intended  applications. 

With  25KV  of  nlcTovt^ve  energy  the  tenpering  tine  can  be  reduced  to  less 
than  15  mins  and  with  ^OKW  this  tine  is  halved.  The  advantages  of  better 
Inventory  control  at  these  fast  rates  are  obvious  as  is  the  possibility  of 
tenpering  to  a given  tenperature  without  thawing  or  drip  loss,  but  there  was 
a question  at  to  whether  or  not  these  advantages  could  be  realized  In  handling 
the  vide  variety  of  products  used  In  C7PS.  Because  of  the  potential  benefits, 
however.  It  was  decided  to  procure  a nlcToware  tenpering  tunnel  and  test  Its 
perfomonce  with  typical  CFPS  products  at  JtAHADCOH*  This  repox~t  covers  the 
test  work. 


A description  and  photographs  of  the  equipment  are  contained  in  Appendix  A; 
material  thxrxighput  data  are  contained  In  Api>endix  B,  and  operating  procedures; 
In  Appendix  C.  The  tables,  noaographs  and  sample  calculations  In  the  report 
are  presented  In  English  units.  Conversion  factors  for  metric  equivalents  are 
as  foUovn: 

Pounds  (lbs)  to  ktlogmas  (kg)  multiply  by  O.U53b. 

Inches  (ins)  to  centloeters  (ems)  multiply  by  2.5^. 

BTU  per  lb.  to  gr.  caLloriss  per  gr.  multiply  by  0.5556. 

Degrees  Fahrenheit  (of)  to  degrees  centigrade  (°C); 

• 'ttract  32  and  multiply  by  0,555^« 
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PROCEDURE 


Ps^ducts  to  be  tested  »nsre  obtaisisd  fsom  tbe  Forces  Supply  Syst^. 

They  lisioluided  chicken  pieces  and  whole  fryers^  stew  beef;  ground  beef;  beef 
roastS;  pork  zmsts  and  pork  slices*  All  were  received  In  a frozen  condition 
and  packed  In  eorruigated  flberboard  cases  with  paper  liners*  Soane  cases  were 
baaded  with  m^tal  strapping;  but  this  ms  renored  to  awld  shielding  effects 
In  'the  nfflicromws  field*  Products  were  stored  in  a freezer  to  which  they 
were  returned  after  teaperiag  for  re«» testing  at  a later  date* 

Microwave  tes^erlng  is  influenced  by  the  initial  temperature  of  the 
product  and  the  desired  end  tei^erature*  These  and  other  factors  detenine 
the  throughput  rate  for  a specified  power  level*  The  Inltlail  temperature  at 
the  beginning  of  our  study  ms  established  by  taking  nine  readings  at  three 
depths  In  a diagonal  army  in  several  cases  of  each  lot*  The  measurements 
were  made  with  a fast  actlz^  indicator  j^raneter*  We  found  little  or  no 
variation;  particularly;  it  the  product  bad  resided  in  the  freezer  for  at 
least  four  days*  Subsequently;  V9  steamlined  the  procedure  and  merely 
measured  the  tenpemture  at  the  geometric  center  of  a sizzle  case.  This 
t®iisperature  generally  corresponded  to  the  teoipierature  of  the  freezer*  Tempered 
temperature  readings  were  taken  at  three  depths  in  a diagonal  array  inaking  a 
total  of  nine  for  each  box*  Surface  temperatures  were  taken  at  eight  mndom 
locations.  The  target  temperature  for  the  tempered  product  was  28®P;  at  which 
level  the  thermocouple  probe  could  be  Inserted  without  drilling  a pilot  hole* 

As  a matter  of  Interest;  the  resistance  to  inserting  the  probe  was  a good 
qualitative  indication  of  the  degree  and  unifonaity  of  tempering*  Raytheon 
Conpany  has  prepared  comprehensive  tables  for  predicting  energy  r©quir@aent0 
and  throu^put  rates.  These  tables  are  a source  of  basic  information;  but  tlie 
data  oust  be  adjusted  for  each  particular  situation*  To  avoid  this  inconvenience 
we  developed  nomographs  to  correlate  all  the  pertinent  factors  for  tempering 
tr(m  0°F  to  28^*  The  nomographs  were  used  in  setting  zp  the  initial  conditions 
for  each  product  in  this  study  and  eire  offered  hers  as  an  example  of  a useful 
cpemtloaal  guide*  A complete  explanation  of  their  use  Is  contained  in  Appendix  B* 
Table  Bl;  shows  typical  products  to  be  thawed  for  'the  Armed  Forces  and  the 
calculated  conveyor  belt  speed  in  terms  of  BFM  to  temper  the  products  from  0 to 
280F. 

The  operation  of  the  Raytheon  tempering  tunel  can  be  controlled  by  varying 
the  conveyor  belt  speed  and/or  'the  power  level*  W®  decided  for  CFPS  use  to 
operate  the  unit  at  mvaximuiM  power  (25W)  whenever  possible;  and  to  control  the 
tempering  operation  by  varying  the  conveyor  belt  speed* 
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It  b«e«ae  •rldunt  during  the  course  of  our  tect  work  th&t  two  different 
■odes  of  opezotloK  vlU  be  required  to  satisfy  the  anticipated  needs  of 
CTPS*  One  Is  a continuous  node  where  there  Is  enough  product  In  the  systes 
to  establish  steady  state  conditions*  The  second  Is  a soall  lot  oode  where 
one  to  eight  cases  are  to  be  tespered  In  an  unsteady  microwave  environment. 
These  two  modes  were  studied  separately.  The  data  in  Raytheon's  tables  apply 
to  steady  state  conditions  and  can  only  be  used  directly  for  a continuous 
mode  of  operation.  The  tests  to  represent  a continuous  mode  were  conducted 
by  placing  12  cases  end>to>end  on  the  conveyor  belt  and  measuring  the 
teisperatures  of  cases  and  #7»  These  are  the  only  two  in  the  line  subjected 
to  steaiiy  state  conditions*  In  the  small  lot  runs  various  numbers  of  cases 
were  processed  end  teoperatures  were  measured  in  all  of  them.  Conveyor  belt 
speeds  and  power  levels  were  determined  as  Indicated  in  Appendix  B* 


9 


RESULTS  ARD  DISCUS  •lOB 


Continuous  Mode 


Table  1 (.dves  the  teaperature  results  for  various  products  using  the 
continuous  mode.  In  aost  cases  the  average  internal  teisperature  of  the  tvo 
test  cases  after  teaperlng  with  this  aode  of  operation,  was  within  a degree 
of  the  target  and  the  extreaes  were  within  of  the  average.  The  average 

surface  teiq>eratur6  ranged  fron  3 to  5 degrees  higher  than  the  average  Internal 
tengperature , and  the  extremes  ranged  from  l>l/2  to  7^  of  the  surface  average. 
Average  Internal  temperatures  can  be  reproduced  with  minor  variations.  The 
run-to-run  variations  In  surface  temperatures,  however,  are  slightly  greater. 
Furthermore,  there  were  no  slgnificemt  differences  In  Internal  temperature 
at  the  three  depths  where  measurements  were  made.  Tab2e  2 shows  the  average 
tengjered  temperatures  and  the  extremes  for  a mincer  of  products.  Observations 
other  than  those  listed  in  Table  2 are  as  follows: 
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teapentures  In  cases 


Mostly  frozen 
Partly 

To  demonstrate 
reproduclb 1 11 ty 
To  desionstrate 
reproducibility 
Mostly  frozen 

Separable;  sone  drip 
Separable;  drip  on  belt 
Some  frozen  pockets 
#6  and  #7. 


Wtiol*  ehlck«BS|  rav 

Whole  ehlckeog,  rev,  vere  packed  ia  22"  x 16"  x 7"  cajee  harlnc  an 
average  gross  of  63  lbs.  The  giblets  vere  vxapped  la  paper  ixd 

partially  contained  In  the  body  cavity.  The  objective  of  teaperleg 
to  raise  the  teoperature  so  that  the  package  of  giblets  could  be  easily 
reaoved.  It  vas  lorioetlble  to  achieve  this  objective  even  though  the 
te^)erature  vas  raised  to  a point  vhere  surface  overbeatli^  uas  evident. 
Teapexature  variations  at  all  three  levels  of  heating  vere  greater  than 
with  any  other  product. 

Chicken  pieces 

Chicken  pieces  vere  packed  In  four  separate  paperboard  cartons  and 
contained  In  a corrugaced  case  having  the  sane  gross  velght  and  dlaencloas 
as  those  for  whole  chickens.  The  objective  was  to  raise  the  teaperature  to 
penalt  separation  of  the  Individual  pieces.  This  was  done  bv  ^earering  to 
an  Internal  teaperature  of  30^  at  a rate  of  II50  lbs.  per  hoar.  The  carton- 
size  blocks,  however,  did  not  fail  apart  without  soae  tvlstLug  and  bending.. 

Pork  loin,  boneless 

The  pork  loins  were  packed  In  25"  z 1^"  x 6"  corrugated  cases  having 
an  average  grows  velght  o'  kO  i.bs.  These  vere  teq>ered  at  a rate  of 
670  lbs.  per  hour  to  within  2/2^  of  the  target  and  with  alnlaua  variations 
In  teaperature.  They  broke  free  of  each  other  and  the  lining  aaterlal. 

?o’*k  slices 

Pork  slices  were  packed  In  21"  x I7"*  x 6-1/2"  cases  having  a gross 
velght  of  55  lbs.  The  slices  were  arrayed  In  layers  vlth  paperborad  and 
polyethylene  separators.  Individual  slices  vere  co^letely  separable 
when  te^ered  to  29*^  at  a rate  of  I89O  lbs.  per  hour. 

Gtev  beef 

The  stew  beef  had  been  previously  bulk-packaged  In  21"  x 15"  x 6" 
oases  having  an  average  gross  velght  of  V9  lbs.  The  contents  coiild  be 
dirtped  and  leadl^  separated  Into  Icdlvldml  pieces  when  testpcred  to  a 
teaperature  of  28^  at  a rate  of  1670  lbs.  per  hour. 

Beef,  ground 

The  ground  beef  was  packaged  In  eight  separate  polyethylene  bags 
contained  In  a 21"  x 6"  z 5*l/2"  corrugated  esse  having  sn  sversge  gross 
velght  of  50  lbs.  It  vas  tempered  to  a teaperature  of  2d.V^  at  a rate 
of  15^  lbs.  per  hour.  The  te^>ered  product  vas  suitable  for  iMedlate 
use  In  foraulatlog  products,  such  as  chill  barbecued  beef,  but  was 
Judged  to  be  too  stiff  for  patty-aaklng  Ja  a SoUji^tic  foralng  aachine. 
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8mll  Lot  No4o 


TklP  aodo  of  op«x>»tloo  ou  lBmstifoto4  bf  to^rlofi  trem  1 to  6 
CMOO  *t  a tlw;  tbo  te^poxatoro  roralts  art  shovn  la  Tablo  8.  Feoultp 
ladloata  that  tha  final  teaparatoros  vlth  four  or  mert  eaaaa  vara  ganarally 
as  pradlctabla  but  slightly  lass  unlfom  than  for  a continuous  aoda  of 
opasatlon.  With  less  than  b cases,  the  final  taapcratuirs  vere  about  2*^ 
loaar  than  pradlcte<9  and  the  variations  vere  significant.  Purthenorv>, 
vhaa  teverlng  less  thaa  U cases  It  Is  necessary  to  operate  the  alcrovare 
gaaarator  and  belt  at  reduced  power  and  spaed  to  avoid  difficulties  vltb 
tha  txansEltter.  The  procedure  Is  to  operate  the  txaasaltter  at  faalf> 
power  (l.l  aaps  on  the  level  aater)  and  the  belt  at  half  or  less  than 
the  calculated  Rm.  Better  teaperature  predictability  can  be  achieved  vlth 
one  or  two  cases  by  applying  thr-  fttUovlng  factors  tu  tha  belt  speed: 
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Tab?*!  2 


Product 

No. 

of 

Cases 

Target 

{'*P) 

Calc. 

Speed 

AdJ. 

Speed 

3tev  Beef 

1 

28 

5k0 

220 

ff 

2 

26 

k60 

210 

M M 

3 

26 

k60 

230 

Pozk  Slices 

8 

26 

500 

500 

Ground  Beef 

k 

28 

480 

480 

St«ir  3««f 
Chicken  pcs 
Pork  Loins 


Pork  Loins 


k 


28 


670 


670 


H CM  H CM  nr>  H CM  m-d*  ir\VO  t^CD  rH  CM  fO  H CM 


Snail  Lot  Resu'i^a 


Case 

Post-  Internal  Teig>»(^) 


Are 

Max 

Min 

27.1 

31 

23 

27.2 

31 

24 

27.4 

40 

31 

26.1 

30 

21 

26.7 

31 

26 

27.0 

29 

24 

25.0 

30 

23 

27.0 

29 

25 

26.9 

29 

25 

27.3 

30 

25 

29.0 

33 

25 

20.3 

30 

26 

20.6 

32 

27 

26.3 

28 

25 

26.0 

32 

24 

27.6 

29 

25 

29.3 

32 

26 

30.0 

32 

27 

23.7 

26 

20 

27.0 

26 

26 

27.7 

20 

27 

26.7 

26 

24 

Surface  Taap.(°F) 

Power 

Are 

Max 

Min 

KM 

32.1 

35 

30 

12.5 

33.4 

31 

25 

12.5 

35.4 

52 

31 

33*9 

36 

32 

12.5 

31.0 

34 

30 

30.6 

33 

29 

33.9 

35 

31 

25.0 

32.0 

33 

31 

31.3 

33 

30 

31.3 

33 

30 

31.9 

33 

31 

32.0 

34 

31 

33.4 

30 

32 

33-9 

36 

31 

33.6 

39 

31 

25 

32.0 

35 

32 

33.9 

40 

31 

33.3 

37 

32 

40.2 

47 

34 

25 

34.7 

4l 

32 

33.2 

36 

32 

35.3 

ua 

31 

n 


Factor 


No*  of 

CMOS 


1 0.6 

2 0.9 

If  for  ezaaple,  It  Is  detlrcd  to  tcnper  a cloglc  ca«e,  the  belt 
e&lculatod  M described  In  Appendix  B.  This  figure  Is  reduced  by 
to  compensate  for  the  reduction  In  mlcrovmra  power  end  then  further  re- 
duced by  the  indicated  factor.  For  exaaple,  If  the  calculated  belt  speel 
Is  400  RFM,  then  for  a single  case  at  naif  power  and  adjusted  for  rarity 
losses  the  actual  speed  will  be:  ^00  z l/2  « 200  z 0*6  > l60  RyM.  T'ot* 

•v%mge  Internal  temperature  will  now  bo  close  to  that  predicted,  but  the 
eztn.'iies  will  be  slgnlflee..itlr  greater  than  for  u coatinuouo  node  of  op« ration. 

Keats  and  poultry  can  be  tempered  In  a 25KW  Raytheon  alcroware  tunne. 
from  a temperature  0°F  to  28°F  within  twelve  alnutes  when  Frocessteg  fou'  or 
more  cases  at  a rate  of  about  1600  lbs  per  hour*  Vban  teaperlng  fewrr  vhao 
four  omses,  the  time  will  be  doubled  since  Ic  Is  necessary  to  operate  at 
half  the  power  and  speed  to  avoid  probleas  with  the  tzm&SBltt«r. 

Operation  flexibility  Is  excellent.  The  aachine  can  be  started  with 
the  sequential  flip  and  push  of  a few  switches  aad  buttons,  and  belt  speed 
can  be  regAilated  at  will  with  a twist  of  a kmob  and  a look  at  a tachometer. 

The  microwave  power  supply  is  adjustable  from  0 to  25KW,  but  the  preferred 
mode  of  operation  Is  to  maintain  the  pewer  at  fixed  levels  aad  vary  the  belt 
speed  for  any  particular  slttsxtlon.  Several  aids  such  as  tables,  nomographs 
and  formulae  have  been  prepared  to  simplify  the  deteralratlon  of  belt  speeds 
aad  the  switching  of  microwave  power.  Once  the  belt  speed  has  been  estab- 
lished for  a particular  set  of  conditions  and  a partlculxr  product,  it  will 
always  be  the  same.  If,  for  example,  the  belt  speed  to  temper  grcxiod  beef 
froB  0 to  26^  Is  HlO  RPN  It  will  never  change,  assuming  the  case  dlmsnslons. 
weight,  percent  fat  and  temperature  conditions  remain  the  Belt  speed 

however.  Is  not  too  critical  as  evidenced  by  the  observation  that  It  takes 
a 100  RFM  change  In  speed  to  effect  a 1*^  change  In  the  tempered  teaperaturc. 

A target  temperatuxv  jf  26^  appears  to  be  most  satisfactory  for  a 
majority  of  products.  At  higher  teape natures,  there  lo  a risk  of  local i:.*d 
overheating  and  drlppage  1e  'lie  cavity  aad  on  the  conveyor  belt.  Dripping 
Is  obviously  objectimable  since  It  represents  a loss  and  itecessltateR  an 
avoidable  cleaning  operation.  At  temperatures  below  26°F,  there  »#111  be 
spotty  areas  vhlch  reaalD  solidly  frozen.  E>ren  at  26^  there  are  ntsall 
frozen  pockets  as  evidenced  by  reel  stance  when  iLSertiag  a th<*rao''oupl*  probe. 
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Pro4uctt  such  «■  fi^ouod  bctf  ud  lUv  b«af  which  are  eolidlT  packed 
geiMxallor  te^^r  sore  onlfomly  than  Iteai  euch  as  whole  chickens  and  roasts 
which  are  packed  with  Inherent  voids.  Exceptions  ar"  pork  loin  and  slices 
which  teqpersd  very  unifomly  In  spite  of  thf.‘  voids*  Whole  chickens  with 
baegtd  j^lblets  in  the  cavity  are  a problea,  tince  It  Is  laposslble  to  tevsr 
and  reaovw  the  without  the  risk  of  objectionable  overheating.  The  body 
Beat  appears  to  teaper  eatlsfoctorlly,  but  the  bags  of  giblets  refuse  to 
break  loose.  In  all  probability  It  will  be  necessaiy  to  follow  alcrovave 
tesperlng  b/  a period  of  roos  teapering  for  this  particular  product. 

When  It  is  known  that  a product  has  been  In  storage  long  enough  to  reach 
the  0^  te^>erature  of  the  Burroundlngs  the  fx^eezer  teaperature  can  be 
assuaed  to  be  the  initial  temperature  for  deriving  the  belt  speed.  If  the 
storage  history  Is  unknown*  It  Is  advisable  to  asasure  the  Inltlf  * tes[per<f 
ture  rather  than  run  a rr  g>le  case  through  the  nachlne  as  a trial  ballooa. 

The  Initial  teoperature  should  be  the  average  of  a alnlcua  of  four  readings 
froa  a representative  case. 

Four  variables  aust  be  considered  - Initial  temperature,  gross  weight, 
case  dlacnslon  and  percent  fht  - In  deriving  the  belt  speed  for  tbs  desired 
final  tenq;>eratttre.  The  first  three  of  these  'actors  can  be  readily  auasured 
4did  It  Is  impccrtant  that  they  le  known  with  a reasonable  degree  of  accuracy 
to  cosP*nsate  for  the  fact  that  the  percent  Hat  will  noxmlly  be  an  approxl- 
nation.  With  knowledge  of  these  factors,  based  on  ueaaureaent  and  experience, 
It  Is  possible  to  obtain  an  average  Intenial  tenpered  temperature  with  a 
fraction  of  a degree  of  the  target.  There  will  be  eoae  deviations,  particu- 
larly  with  the  snail  lot  node  of  operation.  When  the  average  Internal 
temperature  Is  ^8^,  tho  span  between  the  eztreiies  ay  be  aa  nuch  as  7^. 
Horvally,  the  span  Is  less  than  four.  The  lowest  teaperature  Is  alaost  always 
at  the  geoste^c  center  of  the  container.  Tlie  average  surface  teaperature 
will  be  around  6^  higher  than  the  Internal  average  and  the  span  between  the 
extreae  \/lll  be  aoout  the  saae. 

Soae  concern  has  been  expressed  that  the  non-ualfcralty  of  teaperatures 
obtained  in  the  aiereyvave  teapering  might  cause  production  probleas.  Reports 
of  infcmc.1  visits  by  flAPMiCOM  technologists  to  cosBercial  Installations 
using  alcrowave  teapering  Indicate  that  additional  teapering  by  allowing 
the  product  to  stand  for  periods  of  less  than  one  hour  will  pernlt  equilibra- 
tion of  teutperatures  to  such  a degree  that  even  pressing  and  fomlng  of  the 
fiieat  can  be  carried  out. 
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Our  vozic  hA«  thova  that  aierovav*  tampering  li  a ao«t  l^pcrtAnt  and 
uaaftal  ecapoaaat  of  a eaatml  food  pi:«paz«tloQ  syataa*  TIm  ta^pariag 
ofttlpaant  la  aaay  to  qpazata,  it  eaa  ba  adjustad  to  mat  spaclflc  product 
Ui^mritig  refulraaesta>  aad  the  coat  factora  lorolvad  are,  though  hlghar 
tbaa  thoaa  of  other  ta^arlag  aethoda,  Juatifiad  by  tha  gzeatar  accuracy 
aad  batter  cootrol  attainabln  la  alcroNara  tagparlag*  Our  DW^jepha 
for  dataialaiag  bait  apetd  for  te^parlag  graatly  radacaa  tha  aomuhat 
ctsAaraeaa  tablaa  auppUad  by  Raythaoa. 
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APPmiPix  k - E^uiPMEap 


TMs  nlcTOuave  t<sii^rl(iig  e<3ulpaeiit  tested  for  use  In  centzsil  food 
ps^paimtlon  systems  consists  of  & Baytheon  Model  QMF  l6^9C  tunnel  and  a 
915  MEz  "Itekrlc''  90  B txansnltter*  The  tzansmltter  Is  a sepamte  unit  shlch 

Is  to  he  located  In  a protected  area  to  avoid  exposure  to  uater  and  ste@ffl» 

It  Is  connected  t©  the  cavity  of  the  tunnel  hy  ®®3ae  of  a split  mvegulde 
anrangemento  The  twael  includes  an  8"  entsy  section^  8'  take-away 
section,  and  an  8"  cavity  or  applicator  in  b©tween»  The  entrance  and  take- 
away sections  are  designed  to  dissipate  any  stray  asi«f®^av®  energy  from  the 
cavity#  The  overall  length  is  about  33'®  A one-piece  three-ply  butyl 
dacron  belt  conveys  the  product  through  the  turorael  at  speeds  which  are 
controllable  from  0o3  (ito  IPM)  t©  3®5  (l6%0  KFM)»  The  tunnel 

opening  Is  10"  z which  will  accommodate  an  estimated  S&ji  of  the  eases 
to  be  processed  at  a central  food  preparation  faellltyo 

UtUl^  reiqulrements  Include  cooling  water  and  electric  power#  Cooling 
water  for  the  transmitter  ranges  from  2#  5 GPM  @ to  5®0  GPM  © 90*^*  For 
the  tunnel  the  range  Is  1 to  3 GPM«  When  permanently  Installed,  the  supply 
to  each  unit  should  Include  an  orifice  or  "Kates"  regulator  to  control  the 
flow# 


The  transmitter  Is  designed  to  operate  directly  from  a U60  volt  3 phase 
60  cycle  source  of  electric  power#  An  accessory  transformer  Is  amllable 
for  208  volt  service#  The  current  requlreirae»t  at  46o  volts  Is  50  aaipeo 
Sizty  cycle  power  for  tie  tunnel  is  received  from  the  transmitter# 

Tempering  or  partial  thawing  of  fT’ozen  meat  with  microwave  energy  on 
a_  commercial  scale  Is  relatlvelv  new#  It  Is  unique  for  this  application 
because  the  energy,  at  the  frequency  used  (91?  IffiTz),  deeply  permeates  the 
product  to  minimize  surface  thawing  and  tenQ>erati^  gradients#  Typically, 
a frozen  product  can  be  tempered  with  25KW  of  microwave  power  In  about  12 
minutes  as  coopared  with  2 to  3 dsiys  In  a tesiQi^rlng  room# 

Microwaves,  td^lch  are  a form  of  electronmgnetlc  radiation,  .are  generated 
In  a transmitter  and  directed  to  the  cavity  section  of  a tesQperlng  tunnel 
by  means  of  a waveguide#  The  rays  of  energy  penetrate  the  frozen  meat  to 
raise  Its  temperature#  ^absorbed  ra^s  bounce  around  Inside  the  cavity, 
being  reflected  by  the  Interior  metal  surfh.ee  and  losing  a certain  amount  of 
energy  with  each  passage  through  the  meat#  The  residual  energy  is  finally 
absorbed  In  the  attenuating  tunnels  attached  to  the  ^posite  ends  of  the 
cavity# 


A 25XM  transmitter  such  as  that  used  for  the  QMP  l6?9C  Baytheon  tunnel 
delivers  about  66,000  BTO  to  the  frozen  product#  This  means  that  33  BTG/lb 
are  applied  for  a S,000  Ib/hr  operation.  The  heat  requirements  and  conse- 
quently the  throughiwt  rate  depend  on  the  fat  content  and  the  Initial  and 
final  teoperature  of  the  product  being  tempered#  Fat  content  and  tenpem- 
ture  data  are  correlated  with  throughput  rates  and  heat  requirements  In  a 
tabulation  fUmished  with  the  machine# 
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Tke  MtlKt^  oo»t  of  e^vxmtlac  the  2^  RATtheoA  tvuiiel  et  a typical 
CFFP  vUl  xaage  frea  1*0C  to  1.63  eeata  per  paand,  dependlaf  oa  the  rate  of 
dBpxaelatloB  - 20  yaare  for  the  firat  flcnre  and  10  yaaro  for  tha  eecoad. 
Both  coate  are  haaad  on  taaparlai  600,000  pouada  of  oaat  par  yaar  for 
25,000  aaa.  1.85-eaot  fl^iixa  aaa  derlrad  aa  foUoaa: 


Eat  Im tap  Operating  Coat 
Capita'?  Invaahjent 

Tanperlng  sate  - 2,000  Iba/hr 

Operating  period  300  hra/yr 

Depreciation  m ,l0^ 

Pcwr  (36IW  « $0.025/l«H) 

Tube  replacement 

Total  annual  coat 

Uhlt  coat:  11,100  z 100  - I.63  c/lb 

600,000 


$100,000 


10,000 
300 
800 
$ n,ioo 


It  la  to  be  noted  that  the  opszatlng  coat  la  alao  aenaitlve  to  the 
throughput  rate.  The  projected  rate  la  600,000  Iba/yr  or  the  equlTalent 
of  oaly  300  hours  of  opeza'Mon.  If  the  schlne  vsre  operated  at  dealgned 
capacity  for  ^ houra  per  veek,  50  weeks  per  year,  the  autual  thirx;ghput 
VDuld  appToxlmte  four  ellllou  pounds.  Under  these  condltlona  and  assualng 
a ten-year  vrlte-off  the  operating  cost  would  be  around  O.39  rather  than 
1.85  cents  per  pound. 

The  added  cost  of  nlcrovare  tenperlz^  is  Justified  in  part  by  better 
yields,  savings  In  floor  space  and  handling,  Inproved  quality  and  sanitation, 
end  particularly,  greater  operational  flexibility. 
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Figure  Al.  Overall  View  Showing  Waveguide  Connections  Between 
Ticansmltter  and  Caylty. 
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Figure  A2.  Cheeking  Tenperaturee  at  Delivery  End 
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Figure  A3,  Transmitter  Control  Module 
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Figure  A4.  Side  Vlev  Showing  Cavlly  Door  and  Section 
of  Wsyegulde 


I 
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APPENDIX  B ; Throughput 


Mlcrovave  teaperiog  dependv  on  the  tJ’K  a product  Is  exposed  and  the 
intensity  of  applied  energy.  The  usual  procedure  for  continuous  operations 
Is  to  operate  the  alcrovave  transmitter  at  full  power  (25KU)  and  vary  the 
belt  speed.  Belt  speed  then  Is  the  only  variable,  but  It  snv;t  be  established 
for  each  product.  This  can  be  done  by  the  use  of  noBographa  or  a slaple 
calculation.  In  either  case,  It  involves  a consideration  of  Initial  and 
final  temneratures , product  composition,  and  load  distribution  on  the 
conveyor  btlt.  The  initial  and  final  temperatures  and  the  product  coapocl- 
tlon  establish  the  pounds  per  hour  or  mass  throughput  rate  that  can  be 
tea^ered  with  the  available  energy  (2^KW).  The  throughput  rate  for  various 
temperatures  and  neat  compositions  have  been  determined  by  Raytheon,  Inc., 
for  a 2^  tempering  tunnel.  These  are  Included  with  the  maintenance  nanual 
which  is  supplied  with  the  machine. 

A noaogr&ph  (Figure  Bl)  has  also  been  prepared  as  a supplementary  source 
of  Information. 

The  throughput  rate  in  pounds  per  houi-  must  be  adjusted  to  show  the 
load  distribution  on  the  conveyor  belt.  This  adjustment  Is  made  by  accounting 
for  the  gross  case  weight  and  the  long  dlneuslon  which  represents  its  length- 
wise positioning  on  the  belt.  Thus,  the  belt  speed  In  RPM  Is  derived  as 
follows ; 


RPM  “ Mass  flov  (ibs/hr)  x Case  dimension  (length  In  laches) 

Gross  case  weight  (los  x 1.^; 

The  1.5^  figure  In  the  denominator  Is  a factor  tc  convert  b U speed  la 
Inches  per  hour  to  the  scale  of  the  tachoaeter  (RPM). 
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Figure  Bl. 

NOKXBAPH  FOR  nETERMIFtlBO  THRUIVT  WHIN  TEMiroiNQ  TO  ?6*F 
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Initl&l 

Temp. 
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+5  h- 
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-20  1— 


Thruput 
(ibe/hr. ) 


Example;  Find  thruput  rate  vhen; 

1.  Initial  temp.  - 0*F. 

2,  Pat  content  =•  lO^t. 


Solution ; 

1.  Place  straight  edge  between 
0*F  and  lO^t  on  "Initial  Temp" 
and  Fat"  lines. 

2.  Read  IU30  lbs  per  hr.  on 
"Thruput"  line. 
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Appenaix  B«  cont’d 


. Si^poM  for  exanple^  It  It  desired  to  tenqper  stew  teef  oontalnlog  10^ 
fat  and  packed  to  a gross  weight  of  pounds  In  eases  2V  long«-)^  The  Initial 
teiqperature  Is  0<^  and  the  final  teiqperature  Is  to  be  26^.  What  Is  the  belt 
speed?  Befer  to  the  90°F  lean  meat  section  of  Baytheon's  tabulation.  Follow 
down  "Starting  Temperature"  column  on  the  left  to  0.0 | move  to  the  right 
and  read  1429  In  the  26^  "Ending  Temperature"  column.  The  1429  figure  Is 
the  mass  throughput  rate  In  pounds  per  hour.  Now  Insert  this  figure  along 
with  the  case  weight  and  length  figures  In  the  above  e:q;>resslon  for  an 
answer  of! 

429  X 24  s 404  BPM 
55  X 1.54 

Belt  speed  can  also  be  determined  directly  from  the  two  nomographs 
(Figures  B1  and  B2)  - mass  throu^put  Is  obtained  from  Figure  B1  and  BFM  from 
Figure  B2.  Their  use  Is  self-ezplanatozy.  The  nomographlcal  answer  to  the 
above  exem^le  Is  4X0  BPM.  The  difference  between  the  two  figures  Is  Insigni- 
ficant. 

The  use  of  Baytheon's  table  is  more  accurate  than  the  nomograplus;  but 
It  Is  also  more  cunibersome^  particularly  when  It  Is  necessary  to  interpolate 
for  fat  content  and  Initial  tes^ratures.  EVirthermore;  a high  degree  of 
accuracy  In  calculating  belt  speed  Is  not  necessary  because  the  fat  content 
Is  not  always  known  nor  Is  It  constant  from  case-to-case.  Neither  Is  belt 
speed  particularly  critical.  Figure  B3  Illustrates  for  the  example  cited 
above  that  the  final  temperature  of  the  product  Is  only  changed  about  one 
degree  for  a 100  BFM  change  in  belt  speed. 


* The  long  dimension  of  a case  Is  generally  greater  than  the  width  of 
the  tunnel  opening ^ and  It  Is  necessary  therefore  to  orient  the  long 
dimension  so  It  coincides  with  that  of  the  belt. 


Figure  B2, 


NOMOGRAPH  FOR  DETERMINING  BELT  SPEED  (RPM)  WHEN  TEMPERING  TO  28°F 


Example:  Find  RPM  vhen: 

1.  Case  veight  = 6o  IbSe 

2.  Case  length  = 2k  ins. 

3.  Thruput  = 2000  lbs  per  hr. 


Case 


Case 
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Solution: 

1.  Intersect  60  on  "Case  Wt"  line  and  2k  of 
"Case  length"  line  v/straight  edge. 

2.  Pivot  straight  edge  on  "Pivot"  line  and 
intersect  2000  on  "’Thruput"  line. 

3.  Read  5^0  in  "RPM"  line. 


RPM 


RPM  = Thruput  ^ Case  length 
Case  Weight  x 1.5^ 


•^^Thruput  from  Figure  1. 


(Ibs/hr) 

—3000 

— 2500 

,^2000 

— 1500 

— 1000 


JS:  11/75 


App<adix  B»  C<nt*d 

Belt  spcede  for  • Biift>er  of  ^leel  CFPF  predttcte  have  been  proeented 
for  reference  In  Table  Bl*  Thegr  aacune  an  Initial  teaperature  of  sere 
and  a final  tflaperatars  of  2SPf»  Belt  speeda  for  other  prodiicta  or  for 
altoatlona  where  the  Initial  and  final  teaperatuxea  axe  other  than  0 and 
26^  can  b«t  derived  aa  explained  above,  for  benejr  Iteas  such  aa  whole 
chickens,  it  can  be  aaswed  that  the  bone  and  fat  react  the  sane  when  expos-  i 
to  nlerowave  energj  and  that  the  total  percentage  of  the  two  can  be  used 
to  calculate  belt  speeds*  It  mj  be  necessaxy  at  tines,  because  'f  unknown 
factors,  to  correct  a deviation  In  the  target  teapexaturc  b/  trla^  and 
error*  A suggested  guideline  Is  that  a 100  RR!  change  In  belt  speed  Is 
equivalent  to  about  a 1^  change  la  product  t^asperature  - the  temperature 
varying  Inversely  with  the  change  In  epeed. 
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TABLE  Bl«  Belt  Speed  (RFM)  for  Typical  7ro8en 
(Continuous  Mode) 


FSW 

Product 

Gross 

(^se 

Wt(lbs) 

Case  diaei 

SiODS 

iiH») 

1- 

% * 
Fat 

% * 

Bone 

Mass 

Flow 

(ibs/hr) 

RPM 

Re- 

■arke 

00-551-9910 

Bacon,  Slab 

, Proxen 

75 

25.7  X 12 

z 

10 

70 

- 

2630 

590 

- 

00-133-50®^ 

B««f,  Buis, 

Frxn, 

Chuck  Short 

Ribs**  - 

- 

- 

n 

- 

1441 

00-133-5686 

H 

rt 

t1 

Oven  Roasts 

5V 

jo.o  X 15 

X 

5 

U(Rnd)- 
30  ( chuck)- 

1441 

1687 

350 

410 

00-133-58&7 

f« 

ft 

tt 

Pot  Roasts 

5** 

ITS 

H 

H 

0 

X 

5 

26 

- 

1631 

390 

00-133-5688 

N 

ft 

ft 

Round 

0> 

34.5  X 21. 

► 5 

X 13 

lU 

- 

1476 

- 

Mo  gOe*^** 

00-133-5609 

N 

ft 

tt 

Svjss  Sfaanks 

57 

• 

0 

H 

H 

VJI 

X 

5 

20 

- 

1547 

350 

00-299-1316 

ft 

Comedy 

Frozen 

65 

z 12 

z 

9 

10 

- 

1429 

340 

0 

CO 

00-130-7180 

If 

Cutlets 

tl 

Unbreaded 

*r.- 

«« 

00-177-5017 

f1 

Dried 

It 

5* 

20.0  X 15 

z 

5 

12 

- 

1453 

350 

00-252-7978 

ff 

ff 

ft 

Chipped 

65 

2^.0  X 12 

z 

10 

6 

- 

1369 

330 

00-285-2(775 

H 

Ground, 

Frozen 

5V 

21.0  X 16 

X 

6 

2V 

- 

1603 

410 

00-582-1323 

It 

Tenderloin  ” 

5V 

21.0  X 15 

X 

5 

36 

- 

1787 

430 

00-127-8229 

It 

Liver, 

ft 

27 

16.0  X 12 

z 

6 

4 

- 

1360 

530 

00-000-5200 

Bocbvunt, 

rt 

«« 

24 

- 

1603 

- 

00-582-13^ 

Bologna, 

II 

65 

20  X 12  X 

9 

20 

- 

1659 

330 

00-000-5310 

Bratvurst, 

ff 

66 

10  X 13  X 

u 

24 

- 

1603 

- 

Mo  go* 

00A91-72C9 

00-753-6503 


Bi  C<xy\r 

•d 

F31 

Product 

Gross  Case  dl- 

Case  3 ions 

Wt(lbs)  (ins) 

% * 

Fat 

i ^ 

Bone 

ttess 

Flov 

(ibs/hr) 

«-»* 

RPM 

00-419-4320 

Ca.nAdlan  style  bacon^  fnn, unsliced  ^ 

«• 

18 

- 

1523 

- 

00-965-2128 

Chicken,  Frm,  Cuti?p(w/o  giblets 

,etc)  65 

22  X 17.5  X 8.3 

5 

kl 

1976 

430 

00-126-3416 

Chicken  ” Whole 

60 

23  X 17  X 6.2 

4 

32 

1737 

440 

00-044-1869 

Chitterlings,  frxn,  pre-cooked 

65 

26.9  X 17.8k7.5 

- 

- 

- 

- 

00-682-6643 

Fssi,  cooked,  frxn,  saoked 

53 

20  X 12  X 9 

26 

- 

1659 

410 

00-926-1599 

Lenb,  roest,  frzn 

54 

20  X 12  X 9 

21 

- 

1561 

300 

00-1^7-8200 

Liv^r,  Sausegs,  frx:i 

b5 

20  X 12  X 9 

4 

- 

1368 

270 

00-164-0488 

Lobster,  frxn,  vhole 

28 

21  X 12  X 11.5 

0 

- 

1328 

- 

00-6ffi-68l6 

Luncheon  Loaf,  frxn 

65 

24  X 12  X 10 

13 

- 

1464 

350 

00-110-2322 

Peppezonl,  frxn,  dry 

26 

15.4  X 8 X 5.3 

26 

- 

1631 

630 

00-044-1054 

Pigs  feet,  frzn 

32 

17  X 11.5  X 6 

15 

80 

4122 

1420 

OO-OeO-5805 

Polish  saunsge,  frxn 

11 

10.3  X 0.4  X 5.6 

26 

• 

1631 

990 

00-126-4062 

fork  butt,  frxn 

53 

20  X 12.5  X 9 

29 

2 

1704 

420 

Pork,  entry  slyle  ribs,  ftrsn 
Pork,  dried,  frzn 


50 

53 


00-753-6426  Pork,  hna,  frxn 


53 


20  X 12  X 9 
20  X 12  X 9 


17 

30 


*»3 


2312 

16&7 

1659 


410 

410 


Pe«= 


•k^ 


Ro  go, 


rO 


28 


TaUe  31  Cont'd 


ygg 

Prodivit 

Gross 

Case 

Wt(lbs) 

Case  di- 

sions 

(ins) 

% * 
Fat 

% * 
Bone 

Meiss 
Flow 
( Ibs/hr) 

««« 

RPM 

Re- 

aarks 

oo-5fiS-i3*5 

Pork  loin,  Proatu 

54 

30  X 

11  X 

10  24 

- 

1603 

580 

00-753-6568 

Pork  ronst;  ' , bnls 

53 

20  X 

12  ^ 

9 24 

- 

1603 

390 

00-126-&r^3 

Pork  spare ribs  ” 

53 

20  X 

12  X 

Q 23 

38 

2345 

570 

oo~^2<-9rzk 

Pork  tenderloin" 

53 

21  X 

16  X 

6 10 

- 

1429 

370 

0O-OW>-i879 

Pork  bocks 

32 

17  X 

11.5 

X 6 

- 

- 

- 

00-273- 3622 

Rabbit,  frozen,  cutup 

65 

17.5 

X 8.3 

- 

- 

- 

<x»^<ja^^6cwyj 

Rock  Cornish  ben,  frzn 

18 

22  X 

10.3 

X 3.9  10 

32 

1895 

lk90 

oo-w-1330 

Salani,  frozen 

65 

24  X 

12  X 

10  26 

- 

1631 

390 

00-164-697^ 

Sealless,  '' 

60 

16  X 

13  X 

12  0 

- 

1328 

- 

Ifo  go. 

00-060-7132 

Scrapple,  " 

«* 

«-» 

14 

- 

- 

00-502-4039 

Sbri^,fnn,rev  peeled,  deveined 

58 

19  X 

17  X 

13  1 

- 

1338 

- 

Ho  go. 

00-127-8212 

Thuringer,  frozen,  saioked 

65 

24  X 

12  X 

10  25 

- 

1617 

390 

00-382-4042 

Turkey,  bnls,  frzn,  cooked 

68 

31  X 

lo  X 

5.5  15 

- 

1489 

440 

00-543-7333 

Turkey,  frzn,  raady-to-cook, whole 

125 

32  X 

22.5 

X 9 n 

27 

1621 

- 

Ho  go. 

32, 


Table  BXi  Cont*d 


F3M 

Product 

Cross  Case  dl- 

Case  .'^lons 

Wt(lb-)  (ins) 

* 

Pat 

It* 

Bone 

Mass 

Plow  ** ***♦  Re- 

(Ibs/hr)  RPM  mark# 

00-139-e^^80 

Veal,  cutlets,  froxen 

11 

- 

Ikkl 

* FTo®  "Ccagjositlon  of  Food*”  US  DA.  Handbook  Ro.  8 

•*  Procured  Case  velght  and  dimensions  vary* 

***  To  mise  teoperatare  from  0°F  to  28**F. 

Case  too  high  to  pass  portals. 


Appendix  C»  - Operation 


The  switching  of  mlcroeave  power  ms  done  in  accordance  with  Raytheon  *s 
recoonnendatlonso  The  recommended  procedure  ms  to  turn  the  power  ^ when 
the  leading  end  of  the  first  case  reached  the  center  of  the  cavity  and  to 
shut  It  off  when  the  tralllzig  end  of  the  last  case  Is  In  the  sane  posltlono 
Knowing  idiere  the  lead  and  trailing  ends  of  a case  Is;  however,  a problem 
since  the  cavity  Is  sealed  when  the  machine  Is  In  operatlono  Initially, 
the  switching  was  done  by  a case  count  method  based  on  the  length  of  the 
tunnel  and  the  assuiiEiptlon  that  the  critical  dimension  of  a case  Is  2k  lnches» 
The  distance  from  the  center  of  the  cavity  to  either  end  of  the  tunnel  Is 
12'  ^Ich  means  that  the  power  Is  to  be  ttamed  "on"  when  the  trailing  end 
of  the  6th  case  enters  the  tunnel  and  turned  "off"  'sAnsn  the  lead  edge  of 
the  6th  case  from  the  end  of  the  line  reaches  the  discharge  opening « This 
Is  a cumbersome  procedure  which  Is  based  on  the  assumption  that  the  long 
dimension  of  a case  Is  24".  To  simplify  the  operation  the  belt  was  marked 
and  nuoibered  at  24"  or  2'  Intervals.  Now  the  procedure  Is  to  note  the 
numbered  mark  In  line  with  the  lead  end  of  the  first  case,  add  6,  and  ^dien 
the  combined  nuoiber  on  the  belt  reaches  the  tunnel  entrance  the  power  Is 
switched  on.  Similarly  when  the  trailing  edge  of  the  last  case  enters  the 
tunnel  the  number  on  the  belt  Is  noted  to  Tdilch  6 Is  added  and  when  the 
total  of  the  two  reaches  the  entrance  the  power  Is  switched  off.  If,  for 
example,  four  cases  are  to  be  tempered  eBd°>to°end  and  the  lead  edge  of  the 
first  case  is  in  line  with  mark  tf6  on  the  belt  the  microwave  power  Is  to 
be  turned  "on"  when  mark  ffl2  reaches  the  tunioel  entrance  and  turned  off 
fdien  mark  ffl6  Is  In  a similar  position.  The  total  number  of  2'  belt  marks 
Is  33  idien  the  on/off  positions  exceed  this  number  a subtractive 
adjustment  must  be  made.  Si^pose  the  lead  edge  of  a four-case  lot  Is  In 
line  with  mark  30  In  the  belt,  then  the  on/off  positions  will  be  36  and  40, 
respectively.  Since  these  nu^ers  do  not  appear  on  the  belt  It  Is  necessary 
to  subtract  the  total  of  2'  belt  marks  (33)  trom  36  and  40  to  obtain  3 7 

for  the  microwave  power  "on/off"  positions. 

Continuous  mode  operation 

Betalled  procedures  for  steady  state  operations  are  contained  In 
Raytheon's  QMP  I679C  Microwave  Tunnel  Operating  and  Maintenance  Manual 
(Pt  2980-4)0  The  following  Is  a streamlined  version  ^Ich  has  proven 
to  be  convenient  for  dsy- to-day  operations.  Valves  and  controls  can  be 
Identified  by  either  the  nsms  or  the  letters  and  numbers  In  parenthesis: 

TO  START; 

1. 

2. 

3. 
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Open  cooling  trater  mlves  ("A”  and  b"). 

Flip  "Standby"  toggle  switch  {^X}  to  W position. 
Flip  "Control"  toggle  switch  (jj^)  to  ON  position. 


Pusi!  "Coureyor  Start"  button  (#3)« 

3*  Turn  tpeed  control  knob  (#U)  for  dotlrod  BPM. 

6.  Flip  "High  Voltage)"  toggi.0  cvlteh  (#3)  to  W position. 

7.  Flip  "MODE"  toggle  switch  (#7)  to  "MAItHL"  position. 

8.  When  "llEADY"  light  Is  ^ and  leading  end  of  1st  ease  Is  at  center 
of  cavity  - push  "Microwave  Power  On"  button  (#8). 

9*  Jog  power  level  "Raise”  button  (#8)  to  obtain  reading  of  2.2 
AiQ>eres  on  power  level  meter 

10.  Fll’>  "MODE"  toggle  switch  (#7)  to  "AUTOMATIC"  position. 

TO  STOP; 

1.  When  trailing  end  of  last  case  reaches  center  of  cavity^  push 
"Microwave  Power  Off"  button  (#6). 

2.  Flip  "High  Voltage”  toggle  switch  (» 3)  to  0^  position. 

3*  When  last  ease  exits  tunnel,  push  "COIVEYOR  STOP"  button  (#3). 

U.  After  3 alnutes,  flip  "Control"  (#2)  and  "Standby”  (#l)  toggle 
switches  to  "OFF”  position. 

5.  Close  cooling  water  valves  ("A"  and  "B"). 

SMALL  LOT  OPERATinG  FROCEDURE 
(Less  than  U cases) 

TO  gtART; 

1.  thrri  80  - sane  as  above.  NOTE:  Belt  speed  to  be  l/2  calculated  RPM. 

9.  Jog  power  level  "RAISE”  button  'f'S)  to  obtain  reading  of  1.1  Amperes 
on  power  level  meter  (#9)» 

10.  Same  as  above. 

T>  STCPt 

Sane  as  above. 
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Safety 

Puiblle  Lav  90-62,  fiadlatlon  Control  for  Health  and  Safety  Act  of  1966, 

Code  of  Federal  Regulations,  Title  21,  Chapter  1,  J Fart  IO3O  sets  standards 
vlth  vhlch  alcr-ovave  ovens  aaaufactured  after  October  1971  Bust  co^>ly. 

These  standaifr  specify  acceptable  levels  of  leakage  as  veil  as  techniques 
to  be  used  to  denonstrate  satisfactory  perforaance. 

It  Is  laportant  to  emphasize  that  coa^)llance  vlth  these  standards  does 
not  eliminate  potential  hazards  and  a program  of  routine  monitoring  Is 
Important  to  Insure  safety  In  the  regular  use  of  these  ovens. 

This  lav  doe'i  not  specify  f^e  frequency  vlth  vhlch  routine  surveys 
should  be  performed;  however,  Arqy  Regulation  40-AA  recommends  that  vlsu:.! 
Inspections  should  be  performed  as  often  as  possible,  at  least  ve^•kly  by 
operating  personnel.  A visual  Inspection  should  check  for  the  following: 

1.  Loose  or  bent  door  hinges  (screvs  missing). 

2.  Sprung,  warped,  or  misaligned  doors. 

3*  Faulty  Interlocks  (e.g.  oven  operates  vlth  door  slightly  ajar). 

4.  Worn,  missing  or  damaged  seals  around  door  or  vlevlng  area. 

5*  Pitting  or  burnt  spots  euround  door  closure  area. 

A comprehensive  surrey  should  be  performed  at  least  every  six  months 
once  8 radiation  protection  program  is  established  and  is  functioning. 

A short  training  program  on  the  proper  turvey  techniques  and  hazard 
evaluation  Is  offered  as  on-the-Job  training  by  the  USA  Environmental  Hygiene 
Agency. 

Leakage  must  not  exceed  ^ mllllvatts/squaie  centimeter  at  any  point  5 cm 
or  more  from  any  external  surface  of  the  machine.  This  measurei^nt  must  be 
made  using  an  instrument  vhlch  reaches  of  Its  steady  state  readl^^  within 
three  seconds  and  has  a detector  with  an  effective  aperture  of  2^  cm^  o.  less. 
The  Inatrument  must  have  an  accuracy  of  plus  or  minus  1 db. 


Claming 


Tba  prlmry  objaetlra  of  eloanlng  it  to  prarast  aojr  buildup  or  drlad 
blood  or  other  Hatarlal  Inalde  the  cavity’  or  on  tha  conveyor  bait.  An  accuuu- 
latloD  of  dried  blood  la  a potential  source  of  fire  when  ej^osed  to  alcro- 
vmre  beating  for  a period  of  tine.  Sanitation  is  also  to  be  considered,  but 
this  Is  of  secondazy  l^ortance  since  the  mterl^J.  being  tespered,  is  ne'ver 
In  r.;oL.tact  vith  au^y  part  of  the  nachlne  as  long  as  the  teiperlng  Is  done 
vltL  the  product  In  pacicLng  cases. 

Cleaning  and  sanitizing  can  be  scheduled  on  an  ao-needed  basis  and 
acc«upllBhed  by  hosing  the  Inteilor  of  the  sachlne  through  the  cavity  door 
vlth  180^  eater.  Most  of  this  vash-vater  vjJ.1  be  contained  on  the  Inside 
and  can  be  directed  to  a sever  through  a hose  attached  to  the  cavity  drain. 

Cleaning  of  the  belt  can  be  handled  In  a slallar  mnner,  except  tba^ 
the  hosing  can  best  be  done  Outside  the  cavity < In  cases  \diere  the  splashing 
of  a hose  cannot  be  tolerated  It  Is  recommended  that  both  sides  of  the  belt 
be  naziually  sponged  vlth  a hot  detergent-sanitizing  solution  (FSN  930/2^9/ 
8036,  or  6^0/810/6396)  follfw-’sd  by  a water  rinse. 

7he  belt  nust  not  be  loosened  nor  the  microwave  transmltxer  operated 
during  cleanli'g  operations. 


